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DQGWKXVLVXQOLNHO\WRLQWHUIHUHZLWKWKHUHVXOWV>@7KHULJKWKDQGODWHUDOERXQGDU\UHSUHVHQWVWKHD[LVRIV\PPHWU\
RIWKHDQDO\VHGVHFWLRQ7KHH[FDYDWLRQVHTXHQFHFRQVLVWHGLQWKHLQVWDOODWLRQRIWKHUHWDLQLQJZDOOIROORZHGE\DILUVW
H[FDYDWLRQSKDVHXQGHUFDQWLOHYHUFRQGLWLRQVDQGWKHQWLHEDFNVLQVWDOODWLRQDQGFRQVHFXWLYHH[FDYDWLRQWRPEHORZ
HDFKOHYHORIWLHEDFN2QFHWKHODVWWLHEDFNZDVLQVWDOOHGWKHDQDO\VHVVLPXODWHGWKHILQDOH[FDYDWLRQWRP'XULQJ
WKHUHDOH[FDYDWLRQDWWKH$OOVWRQ6FLHQFH&RPSOH[JURXQGZDWHUGHZDWHULQJZDVDFKLHYHGE\PHDQVRIVXPSSXPSLQJ
DQGQRGUDZGRZQRIWKHH[WHUQDOZDWHUOHYHOZDVSHUPLWWHG7KHUHIRUHWKH)(VLPXODWLRQRIWKHH[FDYDWLRQZDVFDUULHG
RXWXQGHUGU\FRQGLWLRQVDQG WKHZDWHU WDEOHRXWVLGH WKHZDOOZDVNHSWFRQVWDQWDWPEHORZJURXQG OHYHO7KH
UHWDLQLQJV\VWHPZDVPRGHOOHGXVLQJSODWHHOHPHQWVZLWKQRGHWRQRGHDQFKRUVDQGJHRJULGHODVWLFHOHPHQWVDGRSWHG
WRVLPXODWHWKHWLHEDFNVDQGWKHJURXWERG\UHVSHFWLYHO\
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)LJ*HRPHWU\ERXQGDU\FRQGLWLRQVDQGILQLWHHOHPHQWPHVKRIWKHH[FDYDWLRQ
7KH.SURILOHXVHGLQWKHDQDO\VLVZDVEDVHGRQWKHGHVLJQOLQHDVVXPHGE\WKHJHRWHFKQLFDOUHSRUW>@IURP
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SURILOHZKLFKZDVXVHGLQWKHGHVLJQRIWKHH[FDYDWLRQ$OWKRXJKFXLVQRWDVRLOSURSHUW\LQHIIHFWLYH
VWUHVVEDVHGFRQVWLWXWLYHPRGHOVLWFDQEHLQGLUHFWO\REWDLQHGE\UXQQLQJDVHULHVRIXQGUDLQHGWULD[LDOFRPSUHVVLRQ
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DQGODERUDWRU\&56&WHVWVRQ%%&,WFDQEHVHHQWKDWWKHDGRSWHG2&5
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)LJ&RPSDULVRQRIQXPHULFDOSURILOHVZLWKPHDVXUHGGDWDDWWKH$OOVWRQ6FLHQFH&RPSOH[
5HVXOWVRIWKH)(VLPXODWLRQV
)LJXUHVDDQGESUHVHQWWKHKRUL]RQWDOZDOOPRYHPHQWVRIWKHUHWDLQLQJVWUXFWXUHLQ6HFWLRQ$DQGWKHJURXQG
VHWWOHPHQWSURILOHVSUHGLFWHGDIWHUH[FDYDWLRQSKDVHVDQGUHVSHFWLYHO\7KHDYDLODEOHILHOGPHDVXUHPHQWVIRUWKH
WZRH[FDYDWLRQOHYHOVREWDLQHGIURPLQFOLQRPHWHUV>@DUHDOVRSORWWHGRQWKHVDPHILJXUHV

)LJ3UHGLFWHGH[FDYDWLRQSHUIRUPDQFHD([FDYDWLRQDQGE([FDYDWLRQ
,QJHQHUDOWKHUHVXOWVVKRZWKDW)(DQDO\VHVHPSOR\LQJWKHWUDGLWLRQDOHODVWLFLW\ODZLH0DQG0JHQHUDWH
ODUJHU ZDOO GHIOHFWLRQV GXULQJ DOO VWDJHV RI WKH H[FDYDWLRQ SURFHVV ,Q WHUPV RI FRPSDULVRQ ZLWK PHDVXUHG
GLVSODFHPHQWV WKHVH )( DQDO\VHV HPSOR\LQJ WKH FRQYHQWLRQDO HODVWLFLW\ ODZ VLJQLILFDQWO\ RYHUHVWLPDWH WKH ZDOO
GHIOHFWLRQV:LWK UHVSHFW WRD VWDQGDUG0&&DQDO\VLV 0 WKH LQWURGXFWLRQRI WKHEXEEOHDOORZV IRUSURJUHVVLYH
\LHOGLQJRIWKHFOD\DQGLQYRNHVSODVWLFGHIRUPDWLRQVIURPWKHLQLWLDOVWDJHVRIORDGLQJ7KHUHVXOWVREWDLQHGZLWKD
0DQDO\VLVDUHYHU\VLPLODUWRWKRVHRI0VLPXODWLRQVGXULQJWKHILUVWH[FDYDWLRQSKDVHPDLQO\GXHWRWKHIDFWWKDW
WKLVSKDVHLQFOXGHGH[FDYDWLRQLQWKHPDGHJURXQGDQGIOXYLDOVDQGOD\HUVRQO\7KHVXEVHTXHQWH[FDYDWLRQSKDVHV
KRZHYHULQYROYHWKH%%&OD\HUDQGWKHDSSOLFDWLRQRIWKHEXEEOHPRGHOUHVXOWVLQLQFUHDVHGZDOOGHIOHFWLRQVFRPSDUHG
WR0&&VLPXODWLRQV2QFHWKH9LJJLDQLDQG$WNLQVRQIRUPXODWLRQIRUWKHVPDOOVWUDLQVWLIIQHVVZDVDGRSWHG0DQG
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0 WKH QXPHULFDO SUHGLFWLRQV DUH LQ EHWWHU
DJUHHPHQWZLWKILHOGPHDVXUHPHQWV:LWKUHVSHFWWRWKH0VLPXODWLRQWKHPD[LPXPZDOOGHIOHFWLRQREWDLQHGGXULQJ
WKH0 DQDO\VLV H[KLELWV D UHGXFWLRQ RI  DW WKH ILQDO OHYHO RI H[FDYDWLRQ 7KLV QRWHZRUWK\ GLIIHUHQFH FDQ EH
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DWWULEXWHG WR WKHKLJKHU LQLWLDOVWLIIQHVVDWVPDOOVWUDLQVSUHGLFWHGZLWK WKH9LJJLDQLDQG$WNLQVRQPRGHOD IHDWXUH
ZKLFKFDQQRWEHDWWDLQHGE\WKHWUDGLWLRQDOHODVWLFLW\ODZVHH)LJGXQOHVVXQUHDOLVWLFYDOXHVIRUWKHFRPSUHVVLELOLW\
SDUDPHWHUțDUHXVHGLQ0DQG0DQDO\VHV,QFRQWUDVWVXEWOHGLIIHUHQFHVLQWKHQXPHULFDOSUHGLFWLRQVEHWZHHQ0
DQG0 DQDO\VHV FDQ EH REVHUYHGZKHQ WKH VWUXFWXUH GHJUDGDWLRQ HIIHFWV DUHPRGHOOHG 7KH SRVW SHDN VRIWHQLQJ
GHVFULEHGE\WKH.+60PRGHOUHVXOWVLQDVPDOOLQFUHDVHRIWKHVLPXODWHGZDOOGHIOHFWLRQVZLWKDGLIIHUHQFHEHWZHHQ
WKHSUHGLFWLRQVRI0DQG0DQDO\VHVHTXDOWRDSSUR[LPDWHO\$WH[FDYDWLRQOHYHOWKH0DQG0SUHGLFWLRQV
DUHLQJRRGDJUHHPHQWZLWKWKHPHDVXUHGZDOOGHIOHFWLRQV)LJD7KHWRHDQGPD[LPXPZDOOGHIOHFWLRQVDUHZHOO
FDSWXUHG E\ WKH0 DQG0 VLPXODWLRQV DW H[FDYDWLRQ OHYHO  DOWKRXJK WKH WRSRIZDOO GHIOHFWLRQ LV VRPHKRZ
XQGHUHVWLPDWHG 7KLV FRXOG EH H[SODLQHG E\ WKH K\GUDXOLF IUDFWXULQJ RI WKH FRKHVLYH VRLOV FDXVHG E\ WKH XVH RI
SUHVVXUL]HGGULOOLQJIOXLGZLWKH[WHUQDOIOXVKDQGSUHVVXUHGJURXWZLWKRXWSDFNHUVDVUHSRUWHGE\>@&RQVLVWHQWO\
ZLWKWKHREVHUYDWLRQVLQWHUPVRIZDOOKRUL]RQWDOGLVSODFHPHQWVWKHPD[LPXPVHWWOHPHQWSUHGLFWHGE\WKHDQDO\VHV
HPSOR\LQJWKHFRQYHQWLRQDOHODVWLFLW\PRGHODOZD\VH[FHHGVWKRVHSUHGLFWHGE\WKH9LJJLDQLDQG$WNLQVRQPRGHODW
WKH WZR H[FDYDWLRQ OHYHOV SUHVHQWHG )LJ D E 7KH GLIIHUHQFHV EHWZHHQ WKH0 DQG0 DQDO\VHV DUH LQVWHDG
QHJOLJLEOH
&RQFOXVLRQ
7KHSDSHUSUHVHQWHGWKHUHVXOWVRI)(VLPXODWLRQVRIWKHXQGUDLQHGEHKDYLRXURIDGHHSH[FDYDWLRQZKLFKIRUPV
SDUWRIDEDVHPHQWH[FDYDWLRQORFDWHGLQ%RVWRQ7KH)(DQDO\VHVUHYHDOHGWKHFUXFLDOUROHRIWKHHODVWLFIRUPXODWLRQ
DGRSWHGWRGHVFULEHWKHVPDOOVWUDLQVWLIIQHVVRIWKHVRLO7KHVLPXODWLRQVHPSOR\LQJWKHNLQHPDWLFKDUGHQLQJPRGHOV
WRJHWKHUZLWKDQLPSURYHGVPDOOVWUDLQVWLIIQHVVIRUPXODWLRQSURYLGHGDFORVHPDWFKWRILHOGPRQLWRULQJGDWDZLWK
ZDOOGHIOHFWLRQUHGXFLQJWRDSSUR[LPDWHO\KDOIRIWKRVHSUHGLFWHGXVLQJWKHWUDGLWLRQDOHODVWLFLW\ODZ7KHPRGHOOLQJ
RI VWUXFWXUH GHJUDGDWLRQ SURGXFHG VRPH VXEWOH LQFUHDVH RI WKH VLPXODWHG ZDOO GHIOHFWLRQV DQG JURXQG VHWWOHPHQW
SURILOHVGXHWRWKHSRVWSHDNVRIWHQLQJEHKDYLRXUDFFRXQWHGIRULQWKHPRGHO
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